S
ometimes called "the forgotten syndrome," Klinefelter syndrome (KS) remains a common yet underdiagnosed genetic condition, despite being first described almost 7 decades ago. 1 Caused by an additional X chromosome in males (47XXY), the resulting phenotype is often highly variable between individuals and not always explicit in its clinical manifestation. 2 Features of the condition almost always include testicular dysfunction leading to azoospermia and testosterone deficiency from puberty 3 ; commonly include gynecomastia, decreased facial, body and pubic hair 4 ; and can encompass a range of cognitive, speech, learning, and behavioral difficulties that may or may not be obvious from early childhood. [5] [6] [7] [8] The most recent studies estimate the live birth prevalence of KS at 1 in 450 9 to 1 in 660 10 males, with 50 -70% cases remaining undiagnosed. For those who are diagnosed, postnatal detection most often occurs in the context of fertility investigations during the reproductive years. 10, 11 There is speculation as to whether undiagnosed men with KS experience difficulties associated with the condition that could be alleviated with treatment or are not detected because they in fact experience no related problems. Another possibility is that, these men are not detected through infertility investigations because they are not forming stable partnerships. This may be due to the less recognizable consequences of testosterone deficiency such as fatigue, low libido, poor concentration, and depression, 12 in addition to currently poorly quantified psychosocial effects of the condition.
There is a growing body of research on the cognitive and neuropsychological profile of KS, 2, 7, 13 including characterization of the specific deficits in comprehension, memory, language processing, and executive functioning that may contribute to these aspects of the condition. 14 -17 Speech, physical, educational, and other interventions are available for assisting with difficulties during the childhood years that may improve later outcomes. 6, 18, 19 The personality and behavior of boys with KS has been described as shy, reserved, sensitive, and passive in childhood, 20 -22 which together with unattended learning difficulties may lead to secondary adaptation and behavioral problems in adolescence. 23 Testosterone treatment from puberty may assist in psychosocial adaption during adolescence. 24, 25 For adults with KS, there is very little research regarding the personal impact of being diagnosed and living with KS. 26, 27 In addition, it remains to be elucidated as to how adult quality of life may be modified by age at diagnosis and whether earlier diagnosis and intervention results in better life outcomes in adulthood.
Despite the need for further research exemplifying that early intervention leads to better outcomes, earlier diagnosis has long been advocated, 28, 29 so that timely treatment and intervention can be implemented to ensure that each individual with KS reaches their potential. Population-based genetic screening is one means of achieving this but requires careful consideration of both the risks and benefits of diagnosis at different ages. 30 This study aims to examine the psychosocial impact of being diagnosed with and living with KS. It explores the influence of age at diagnosis and other factors that may influence adult quality of life, including phenotypic severity, and treatments and interventions received.
SUBJECTS AND METHODS

Ethics approval
The study received ethics approval from the Southern Health Human Research and Ethics Committee and Monash Univer-sity, Melbourne, Australia. All participants provided written informed consent for participating in the study, including permission to obtain a copy of their karyotype results from their doctor or testing laboratory.
Recruitment
Any Australian citizen aged 18 years and older, diagnosed with KS at any age (including prenatally), was eligible to participate. Inclusion criteria were a karyotype including more than one X chromosome and a single Y chromosome, excluding mosaics with a female cell line (e.g., 46 ,XX/47,XXY). Men with a 46,XX karyotype including a sex-determining region Y (SRY) gene were eligible as they were considered phenotypically similar enough to KS to experience comparable psychosocial issues. Initial study information was distributed to individuals who had been diagnosed with KS by health professionals, medical and hospital clinics, support organizations, other men's information groups, and through word of mouth. Individuals interested in participating could then provide their details to the research team by post, e-mail, phone, or fax. Multiple sources were used for distributing study information with the goal of obtaining a population-based sample. Participants were recruited between November 2008 and December 2009.
Data collection
After registering an interest in the study, individuals were sent a participant kit containing a questionnaire, an Oragene DNA Self-Collection Kit for obtaining a saliva sample (optional), and consent forms. The completed questionnaire was returned with the saliva sample (if provided), and the participant was asked to indicate willingness to be involved in a future, separate, qualitative interview-based study. A reminder notice was sent or follow-up phone call made at 4 weeks after expected receipt of the participant kit. Individual karyotypes were confirmed with laboratory test results where available. Only the results from the questionnaire component of the study will be presented in this study. Results from the qualitative study undertaken as part of this project are currently in preparation.
Questionnaire
A comprehensive self-administered questionnaire was developed to assess key psychosocial areas that may be affected by symptoms of KS and contribute to adult quality of life. A number of validated measures were used to assess key domains and where possible, those for which Australian population normative data were available were selected ( Table 1 ). The primary outcome measure was subjective well-being, as measured by the Personal Wellbeing Index (PWI). 31 Individual and family sociodemographic information and details of diagnosis, specific for this study, were collected. The latter included age at diagnosis, age at which the participant was informed of the diagnosis and who the informant was, and the clinical indication that led to testing. In addition, participants were asked a series of questions regarding symptoms of KS they had experienced; what (if any) treatment had been received for this; and how much this symptom had concerned them on a 5-point response scale (ranging from "not at all" to "an extreme amount"). Another section, also designed specifically for this study, inquired about attitudes and opinions regarding KS diagnosis and impact on various aspects of life (e.g., family relationships, growing up, and stigmatization). Attitudes toward populationbased genetic screening for KS were determined using a com- 
Composite scores
Participant answers regarding symptoms of KS, treatments received for each symptom, and levels of concern about each symptom were used to create three separate composite scores. Symptoms were classified as either "primary" or "secondary" features of KS based on preliminary discussion with individuals with KS, clinicians with experience in KS (both pediatric and adult), and themes obtained from informal focus groups previously conducted by the Genetic Support Network of Victoria.
Symptoms considered as primary features of KS were those likely to have a strong psychosocial component: testosterone deficiency; breast development; infertility; physical development; and learning, behavioral, and communication difficulties. Secondary features were defined as health issues for which individuals with KS are at increased risk (although less common than primary features), which also affect the general population and may not have the same psychosocial impact as primary features. These included puberty (recalled commencement at a different time to peers); undescended testes; osteoporosis; diabetes; varicose veins; heart problems; thyroid disorders; cancer (of any type); other medical conditions; and psychiatric disorders. Psychiatric disorders (e.g., bipolar) were included as a secondary feature because all participants who had been diagnosed with a psychiatric disorder had also experienced common mental health issues such as depression, anxiety, or anger problems, and these were included under the primary feature of behavioral difficulties.
To create a composite score for the domain of phenotype, each primary feature listed by the participant was assigned a value of two and each secondary feature a value of one. For the domain of treatment of symptoms, a value of one was given for each feature for which treatment was received. For concern about symptoms, the level of concern about each primary feature was given a value between 0 "not at all concerned" and 4 "extremely concerned" (levels of concern were not ascertained for secondary features). In this way, three separate composite scores were calculated as estimations of phenotype, treatment, and concern. The "phenotypic severity score" was created by summing the primary (a possible maximum of seven items each scored 2) and secondary features (possible maximum of 10 items each scored 1) present, divided by the number of questions answered, and converted to a percent. This score was used as a proxy for phenotypic severity. The scores for each treatment received for primary and secondary characteristic (excluding puberty, total 16 items) were summed, divided by the number of questions answered (due to missing data), and converted to a percent to provide a "treatment score." Scores for levels of concern (ascertained only for primary features with a possible total of seven items) were summed, divided by the number of questions answered, and converted to a percent to give a "concern score."
The nine-item adapted Quality of Relationships Inventory (social support measure, Table 1 ) was repeated for mother, father, friends, and partner and a mean score obtained for each of these relationships. To obtain a general measure of social support, the mean of all four scores was calculated. For participants who did not have that person in their life (e.g., no partner and mother had passed away), a score of 0 was assigned for that relationship. Therefore, the final mean obtained is only a general indicator of current level of social support and does not apply to past relationships (although it may also be reflective of these).
Data analysis
All data were analyzed using Stata Statistical Software, Release 11.0 (College Station, TX: StataCorp LP, 2009). Scores for the validated measures listed in Table 1 were calculated according to manual instructions. Unless otherwise specified in the manual, mean replacement was used for all calculations if individual missing data were Ͻ10%, otherwise the case was excluded from that analysis.
Age at diagnosis was chosen as the primary grouping category for comparison of participant outcomes based on the original hypothesis of the study: "earlier age at diagnosis allows for timely intervention resulting in better outcomes in adulthood." The age at diagnosis variable was categorized as there was a nonlinear relationship with the main outcome variable, subjective well-being (PWI). The age range for each age at diagnosis category was determined, taking into consideration the distribution of participants across each category, in addition to the likely clinical indication leading to diagnosis within each group (e.g., fertility investigations in those diagnosed between 25 and 39 years). The characteristics and outcomes of the study population were compared across age at diagnosis groups, using 2 test for heterogeneity for categorical variables and the t test or one-way analysis of variance for continuous variables. For the analysis of variances, posthoc pairwise comparisons between age at diagnosis groups were examined using the Sidak test. Bivariable linear regression was used to explore associations of the outcome variables: subjective well-being (PWI); body image (Multidimensional Body-Self Relations Questionnaire Appearance Evaluation Subscale); self-esteem (Rosenberg Self-Esteem Scale); and psychological distress (K10); with age at diagnosis; individual and family sociodemographic characteristics; and phenotypic severity, treatment, and concern composite scores. Covariates associated with each outcome (P Ͻ 0.10) in bivariable analysis were included in a multivariable linear regression model.
RESULTS
Recruitment
Because of the anonymous nature of the initial recruitment step, it was not possible to determine the proportion of individuals with KS from across Australia who were informed of the study and then proceeded to register an interest to participate. However, 114 individuals registered interest and were sent a participant kit. Eighty-seven (76.3%) returned the completed questionnaire with consent forms: of which 79 (90.8%) provided a saliva sample and 77 (88.5%) indicated a willingness to partake in an interview at a future date (results not presented in this article).
Participants resided in all states and territories across Australia: 28% Victoria; 22% New South Wales; 16% Queensland; 9% South Australia; 8% Australian Capital Territory; 7% Western Australia; 2% Tasmania; and one participant resided overseas. Individuals with KS reported receiving information about the study from a wide range of sources including endocrinologists (33%); general or other health practitioners (25%); genetics services (16%); internet or general media (13%); hospital clinics (8%); family member or friend (8%); support groups (6%); or their partner's gynecologist (5%). Approximately 10% of participants received study information from more than one source and up to four sources.
Participant characteristics
The mean age of participants was 43 years and ranged from 19 to 76 years. Mean age did not vary significantly across the participant characteristics listed in Table 2 , other than for time since diagnosis.
Associations with age at diagnosis
Mean age at diagnosis was calculated according to categories of various social, demographic, and other characteristics. The following variables were associated with age at diagnosis: age at study (F ϭ 16.4, P Ͻ 0.001), time since diagnosis (F ϭ 13.1, P Ͻ 0.001), relationship status (t ϭ Ϫ2.0, P ϭ 0.05), and karyotype (F ϭ 2.7, P ϭ 0.05). Participants who were currently partnered had a mean age at diagnosis of 28 years, compared with a mean age at diagnosis of 22 years for unpartnered participants. Mean age at diagnosis varied significantly between the different karyotypes: 26 years for 47,XXY; 36 years for 46,XY/47,XXY; 16 years for 46,XX men; and 19 years for those with an unconfirmed karyotype. The 46,XX men tended to be diagnosed earlier than those with a 47,XXY or mosaic karyotype; however, there were only two people in this group. Those with an unconfirmed karyotype also tended to have a younger age at diagnosis, but this was because many of these tests had been conducted so long ago that the results were no longer available, not necessarily because they had more symptoms leading to an earlier diagnosis. Posthoc analysis by Sidak test demonstrated the main differences in age at diagnosis across karyotype groups to lie between the mosaic group and the unconfirmed group (P ϭ 0.07). A sensitivity analysis including and excluding karyotypes other than 47,XXY in bivariable analyses did not indicate any effect on the results, and therefore, all karyotypes were used as a single group.
There was a tendency for those diagnosed later in life to have completed a higher level of education (did not complete high school, 26 years; completed high school, 25 years; and further than high school, 32 years) and to be in a higher income bracket (less than AUS$30,000, 22 years; AUS$30,000 to AUS$69,999, 26 years; and AUS$70,000 and above, 30 years). In Australia, completion of high school refers to 12 years of education, usually completed at approximately 18 years of age. When asked about sexual preference, 84% of participants indicated heterosexual, 11% homosexual or bisexual, and 5% specified other (including asexual). The clinical indication for karyotyping leading to diagnosis was developmental delay or learning and behavioral difficulties (16%), physical or hormonal features (49%), fertility investigations (30%), or incidental finding (5%), with mean ages at diagnosis of 9, 28, 31, and 11 years, respectively.
Phenotypic features, treatment, and levels of concern
Primary phenotypic features associated with KS, treatment received, and level of concern, reported by participants, were compared across age at diagnosis groups (Table 3 ). More than 90% of participants across all age at diagnosis groups reported being diagnosed with testosterone deficiency, and almost all had received testosterone treatment. Approximately half of participants had experienced breast development, although only some had received treatment (e.g., surgery) for this. For primary characteristics of KS involving development (i.e., learning, behavioral, communication, and physical difficulties), those diagnosed between 0 and 14 years experienced these the most. However, a notable proportion of the later diagnosed groups also reported difficulties with these characteristics while growing up. The 0 -14-year age at diagnosis group received the most treatment for these features. Treatment levels for learning and communication difficulties were significantly lower in those diagnosed at later ages (P ϭ 0.018 and P ϭ 0.047, respectively). Almost all participants felt concerned about the pheno- typic features they reported experiencing, in addition to a small number who felt concerned about a feature even if they had not experienced it. Approximately half of participants reported commencing puberty at a different time to their peers (earlier or later) across the age at diagnosis groups, and similar proportions were concerned about their pubertal development. Forty-two percent of participants had accessed assisted reproductive technology, and 67% of these had one or more children resulting from the treatment, usually through donor sperm, with a large proportion being concerned about this aspect of the condition. When asked about how masculine or feminine they felt and looked, approximately three quarters of participants diagnosed in the 15-24-year age group reported the highest levels of masculinity, whereas the small number of participants who reported feeling and/or looking feminine were diagnosed beyond the age of 40 years.
The proportion of participants who experienced (and were treated for) secondary characteristics of KS is not presented in Table 3 . The secondary characteristics experienced were psychiatric disorders 44% (38% treated), undescended testes 28% (9% treated), osteoporosis 23% (20% treated), heart problems 17% (13% treated), varicose veins 15% (3% treated), diabetes 10% (10% treated), cancer 9% (9% treated), and thyroid disease 5% (1% treated). Although there were no significant differences across age at diagnosis groups for any of these secondary features (data not shown), undescended testes were least prevalent in those diagnosed beyond the age of 40 years (8% vs. 31%), and osteoporosis and varicose veins were most frequent in this group (50% vs. 18% and 33% vs. 8%, respectively).
Phenotypic severity, treatment, and concern composite scores
Means of the composite scores for phenotypic features, treatment, and concern are listed in Table 4 . No significant differences in mean scores were observed across age at diagnosis groups; however, a tendency for concern levels to increase with older age at diagnosis was observed.
Psychosocial outcomes
Mean scores of measures of psychosocial well-being by age at diagnosis are presented in Table 5 . The KS study population means were significantly poorer for all psychosocial outcomes measured, when compared with population normative data (P Ͻ 0.001). Means for all measures were compared across age at diagnosis groups (data not shown). Subjective well-being means N refers to the number of participants who answered the question. All measures were significantly different between the two groups (P Ͻ 0.001). MBSRQ-AS, Multidimensional Body-Self Relations Questionnaire-Appearance Scales; RSE, Rosenberg Self-Esteem Scale.
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Age at study QRI, Quality of Relationships Inventory, indicator of social support; RSE, Rosenberg Self-Esteem Scale.
were significantly different by age at diagnosis groups (F ϭ 3.44, P ϭ 0.02), with those diagnosed youngest showing lowest scores (48.8) and those diagnosed between 25 and 39 having highest scores (68.9). There was no significant difference for body image, self-esteem, or psychological distress, when compared across age at diagnosis groups.
Factors predicting psychosocial outcomes
Multiple linear regression was used to explore the contribution of a range of clinical, social, and demographic variables to the psychosocial domains explored. The results of the regression analyses are presented in Table 6 . Only paternal education level was included in the analysis as maternal education level was highly correlated with this (r ϭ 0.5, P Ͻ 0.001). Income was not included because it was highly correlated with employment status (r ϭ 0.4, P Ͻ 0.001), which was more strongly associated with the outcomes. Karyotype, participant education level, and concern composite score were included in the initial bivariable analysis, however, were not associated with any of the outcomes and so were excluded from the final models. Regression analysis for the Appearance Orientation Subscale (Body Image) is not presented as it was not associated with any of the covariates studied.
Employment status, social support (Quality of Relationships Inventory), and phenotypic severity score showed the strongest association with subjective well-being, with scores increasing with active employment and more social support and decreasing with higher phenotypic severity scores. There was a trend for those diagnosed in the 25-29-year age group to have higher subjective well-being scores than those diagnosed between 0 and 14 years and for those whose fathers had completed education beyond the high school level, compared with those whose fathers had not completed high school.
The only factor strongly associated with body image (Multidimensional Body-Self Relations Questionnaire, Appearance Evaluation subscale) was phenotypic severity score, with feelings of attractiveness decreasing with higher scores. Selfesteem (Rosenberg Self-Esteem Scale) increased with level of social support and decreased with higher phenotypic severity scores. Psychological distress (K10) increased as phenotypic severity score increased but was lower in those employed, studying, or retired (active). Additionally, those with higher levels of social support showed less psychological distress, as did those whose fathers had completed education beyond that high school level.
DISCUSSION
This study provides the first quantitative evidence for a significant psychosocial impact of KS, as reported by adult individuals with KS representing the phenotypic and diagnostic spectrum of the condition. In a population-based sample of 87 men with KS, quality of life outcomes were noticeably poorer than the general male population for all domains evaluated, including subjective well-being, self-esteem, body image, mental health, and general health. The most consistent factor influencing these decreases in psychosocial health was phenotypic severity score.
It is often thought that individuals diagnosed early in life represent the more "severe" end of the phenotypic spectrum of KS and that those diagnosed during their reproductive years represent a "milder" phenotype. We found that age at diagnosis was not a major predictor of psychosocial outcomes in adulthood, as many of the phenotypic characteristics of KS thought to be more frequent in younger diagnosed individuals (e.g., learning and behavioral difficulties) were equally prevalent in participants diagnosed later in life. This challenges the commonly held belief that those diagnosed at older ages do not experience the symptoms of KS that often lead to a diagnosis earlier in life, such as learning, physical, or behavioral difficulties. 45 This also suggests that presentation with typical symptoms of KS will not always lead to a timely diagnosis.
Across all age at diagnosis groups, a large proportion of participants reported experiencing features considered to be common features of KS. Interestingly, a higher proportion of those diagnosed in the 25-39-year age group reported having breast development than those diagnosed at younger ages. This may be the result of delayed testosterone treatment, which when given at the right time may prevent or reduce the development of breast tissue. 46 Those diagnosed during the prepubescent years received more treatment than those diagnosed later in life, as would be expected, although our study did not measure the success or outcomes of such treatments or interventions, which may have a major influence on quality of life in adulthood. This is of particular concern when considering important developmental aspects of KS such as learning difficulties, which was experienced by the majority of participants regardless of age at diagnosis, but for which those diagnosed during or beyond adolescence were significantly less likely to have received treatment.
A large proportion of participants across all age at diagnosis groups reported that puberty commenced at a time later than their peers. Studies of puberty in adolescent boys with KS have shown that commencement is usually at the same times as peers. 3 However, "progress" of puberty may not be as complete as peers (e.g., less hair and muscle development), and as such individuals with KS may perceive the timing as different. This is an interesting consideration in trying to elucidate psychosocial aspects of KS. Perceived pubertal timing is an influential factor in adolescent behavior, and earlier or later perceived timing has been linked to delinquency and other problematic behavior in adolescents. 47 Implementation of testosterone treatment early in puberty for boys with KS has been proposed to ensure full virilization, 46 even if testosterone levels are not yet low, as testosterone levels alone may not be the most accurate indicator of hypogonadism. 48 Our findings support this recommendation, and a more normal pubertal development may reduce secondary behavioral problems from developing. Those diagnosed in the earlier two age groups were more likely to report experiencing puberty earlier than their peers. This could be an indication of implementation of testosterone treatment commencing early in puberty.
More than half of participants across all age groups reported feeling and looking masculine. A noticeable proportion, however, reported feeling and looking neither masculine nor feminine. Interestingly, a small number of those diagnosed later in life reported feeling and/or looking feminine. Given the role of testosterone in ensuring full development of muscle tone and body hair, these reports among older participants may reflect the impact of years of testosterone deficiency on their bodies and sense of gender identity. There may also have been issues around gender identity resulting from interpretation of genetic results (i.e., X chromosomes are often explained as the "female chromosome"). It is important to consider the impact of simplifying genetic information when explaining diagnosis of a sex chromosome abnormality such as KS. Development of methods for explaining the genetic basis of conditions involving the sex chromosomes that do not involve social concepts of gender and sexuality may be helpful for individuals with KS and their families.
When asked about sexual preference, the majority of participants indicated a preference for heterosexual relations, whereas 11% indicated same-sex attraction. Some older studies suggested a higher prevalence of homosexuality among individuals with KS, 49 and this can be a concern for parents of a diagnosed boy. 50 However, given the difficulties in measuring sexual preference at different times and in different cultures, 51 the findings from this study do not indicate a deviation from the general population frequencies. In 2006, a large Australian study found 2-3% Australians identified as homosexual, whereas 20% reported having same-sex attractions. 52 Composite scores were used in this study as an approximation of phenotypic severity, treatment, and levels of concern. It was expected that all scores would be highest in the youngest diagnosed group and lowest in those diagnosed late in life. Surprisingly, there were no significant differences in any of the three mean scores across age at diagnosis groups.
Although not significant, there was a small but consistent increase in concern levels with increasing age at diagnosis. This may suggest that the later in life an individual was diagnosed, the more they worried about the features of KS assessed in this study. Concern may increase over time because the symptoms exist, but there is a lack of explanation for them. Without diagnosis, treatment and understanding are less likely to be obtained, both of which can be important tools for ensuring the individual has the support needed to reach his potential. 52 Men diagnosed beyond their mid-20s may represent those on a "diagnostic odyssey" albeit an unknown one. Another explanation is that later age at diagnosis allows for introspection and reflection, and it may be easier to identify concerns in retrospect, whereas the younger diagnosed group did not have this possibility. Those diagnosed early in life may indeed develop better coping mechanisms or different expectations (including those of their parents), or simply have more opportunity to integrate this knowledge into their developing self-identity (i.e., they are just more "used to it"). A final possible explanation is that, if those diagnosed at younger ages do in fact have more difficulties with behavior, learning, communication, or social processing, they may not be as aware of possible differences or problems as their later diagnosed counterparts, who may have more cognitive ability (not just time) to reflect and identify issues in their past.
It is not surprising that psychosocial outcomes were poorer for study participants, when compared with population norms, given the range of medical, cognitive, and psychological factors present with KS that may impact on these. Nonetheless, this finding is of considerable importance, as this is the first study to provide rigorous evidence of these aspects of KS in a population-based sample of individuals. With the exception of subjective well-being, no significant differences were observed in mean scores for the psychosocial measures used in this study across age at diagnosis groups.
The factors most influencing psychosocial outcomes were phenotypic severity score, employment status, and current level of social support. Phenotypic severity score remained a significant predictor of all outcomes, even after adjusting for treatment. This suggests that prevention (or amelioration) of KS symptoms, where possible, may be the best form of treatment. Early interventions for speech, motor, and learning difficulties associated with KS have been suggested even before such issues manifest explicitly, 8 and our data support this. Interestingly, paternal education level had a significant impact on both subjective well-being (increasing with higher education level of father) and psychological distress (decreasing with higher education level of father). Previous studies have reported the concern of fathers whose children have been diagnosed with KS, worried about homosexuality, or femaleness of their son. 49 Those with a lower education level may not have the resources to understand the genetic diagnosis as well as those with higher education levels. 54 As discussed earlier with respect to gender identity, it is essential that accurate resources for understanding KS are available to individuals and families and that genetic counseling is accessed wherever possible.
Further evidence for effective interventions for KS may be best taken from studies of specific aspects of similar conditions, for example, the effectiveness of educational interventions for children with learning disabilities. Qualitative studies would also provide valuable insight into the experiences of individuals, and both the perceived and actual risks and benefits of diagnosis at different ages, including the modifying effects of environmental factors such as peer support and family functioning, and access to services and care.
Strengths and limitations
A major strength of this study is the population-based sample of participants. Recruitment through multiple sources, rather than a single clinic or support group, provided a sample of individuals from wide range of ages and socioeconomic backgrounds. This included participants receiving distinctly different levels of medical care, ranging from general to specialist, and including those not receiving active care at all. Only a small proportion of participants was recruited through a support group, providing a more representative population than studies where participants have been recruited through support groups alone. Almost all study participants were from a white background and, therefore, represent only one part of the general population. However, this allowed analysis to focus on other differences, without the added factor of cultural differences.
Nonetheless, this study only represents those men who have been diagnosed, the majority of whom were diagnosed as adults. Originally, we aimed to recruit a prenatally diagnosed subcohort to act as a reference group for comparisons. Unfortunately, because of ethical issues associated with contacting this group, it was not possible to conduct targeted recruitment for this small number of possible participants. As this was a written questionnaire, only those able to read, write, and comprehend to the level of the questionnaire were able to complete it. Telephone assistance was offered; however, only one participant took up this offer. Partners or parents may have also assisted in completing the questionnaire in some cases, but we were not privy to this information.
As this study aimed to address the psychosocial impact of KS, it was important to capture perceived symptomatology, together with levels of concern. Health issues assessed were general and self-reported, and so composite scores provided an approximation of phenotypic severity and treatment only; no clinical or biochemical measurements were taken for this study. Currently, no validated measure for quantitative assessment of KS phenotype exists. Although measures of this type are inevitably complex, and require careful and rigorous development, given the variability in clinical presentation of KS, such a tool would be invaluable for both research and clinical practice.
Although the measures designed for and used in this questionnaire provided a useful overview of the physical and psychosocial aspects of KS, more extensive development of these measures are needed to provide a level of information necessary to meaningfully assess such complex matters. For example, sexual function became apparent as an important issue for many participants, although this was not an area specifically covered in the questionnaire. Therefore, it would be useful to add a
